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The present invention concerns a process for the producfion of nanometric metgl oxide powders from metal chlo- 
rides. 

5 The use of nanometric po-wders is especiaUy advantageous in tie preparation of solid-state matenals and devices 
with functions primarily based on surface phenomena ramer than on ixilk phenomena. Important examples the appfr- 
cation of "nano-structured" r»terials are catalysis and gas sensor devices. 

Generally fine oxide powdery are industriaDy produced by means of wet-processes (preciprtaiion from chemical 
solutions, solgel). However, these processes feature a number of limits and drawt»acks: 

70 

- ihey are batch type processes and cannot be continuously operated; 

tfidy are chamcter'cted by a large nunrA>er of process steps to reach the finished product; 

they originate powders constituted by porous aggregates of parades, generally amorphous and vinth morphologies 

and compositions that are difficult to control. 

IS 

Ariother class of processes used in the synthesis of nanometric powders are vapour phase processes, defined as 
"dry". These processes are more advarrtageous because they can operate continuousi/, Ihey require a dngle work 
phase and they originate non aggregated and crystaflteed particles. 

Among tine various vapour phase processes, laser induced pyrolysis is the most suited for the synih^is of high 
20 qi3lity powders. 

In fact the powders obtained in this way are characterised by: 

parade dimensions even less than 1 0 nm; 
si26 unHormrty; 
25 - high purity; 

controllable crystalline structure and composittoa 

T?ie laser pyrotysis process for the synthesis of oxide powders consists in perpe/KficUlarfy Irraicfiafing a stream con- 
taining metal organic or inorganic compounds of the desired metat and, when required, of an oxygen precursor, with a 

30 continuous err^sbn GO2 laser. The stream of reagents is maintained spatially localized by means of a coaxial flew of 
inert gas, argon for example. In the intersedion region strong absorption takes place when the reagents absorb in res- 
onance the laser radiation or when they are mixed with a gas that absorbs in resonance the las^ radiation and acts as 
a sensitizer for the transfenal of energy to the reagents. In this region high temperatures are reached and the chemical 
reaction leading to the formation of mor>o-ciystaDrie oxide particles with dimensions varying between a few nanometres 

35 and a few tens of nanometres takes ptaca The dimensiorts of the part des are controllable both on the basis ot the res- 
idence time of the reagents under the action of the laser beam and on the basis of the power of the laser. The residence 
time is in tum adjustable by nrtodrfying the fkw rate of the reagents, of the sensitizer, of the inert gas used as a cam'er 
and the laser beam's section. 

Laser pyrt^ysis has already been applied in the production of TO2 and mixed oxides Tl^.^V^O^, as disclosed in ^ 

40 4175^8 and in the European Patent application 921 09335. jZ^ in which the chenwal precursors used are aicoxidGS 
of titanium and atcoxdes of vanadium; these precursors do not require co-reagents l^cause their molecules contain 
both the Ti (or V) atoms and the oxygen atoms required for the oxWe synthesis. Because these precarscxs do not 
absorb in resonance the laser radiation, ft ts necessary to add a sensitizer gas {C2H4 or SPg) ^ absorb the laser energy 
and transfer it by collision to the reagents. 

45 The use of metal chlorides as chemical precursors of the oxides, instead requires the co-presence of a precursor 
to supply the oxygen. Moreover, also the 71CI4 only exhfoiis a mild at>sorption of the CO2 laser radiation and it is there- 
fore necessary to add a sensitizer to the reagents in order to obtain an efficiency dose to 1 00%. 

The simplest and most eoonon^cal cc-reagent is gaseous oxygen; however* when within the laser pyrolysis it 
mixed, for example, with TICI4 in the presence of the sensitizers SFq or C2H4, the quality of the resulting powders is 

so much worse compared to powders obtained by the pyrolysis of ttanium alcoxides. In tad, when using SFg as a sensi- 
tizer, the pyrolysis reaction of TiCI^ does not take place connplerely under the action of the laser beam bxkS intermediate 
r^alogenated compounds are formed tfiat are unstable and strongly hygroscopic When instead the sensitizer C^H^ is 
mixed with TiCI^ aryj Qa, under the action of the laser beam a comtjustion reaction takes place that causes an uncon- 
trollable and non-unrform increase in the reaction temperature. 

ss Moreover, the reaction f lanrie is discontinuous and unstable giving way to reaction etfldency fer below 100% (see 
document WO 89/0471 7). Consequently, the synthesized T1O2 particles are scarcely uniform In size, have high average 
dimensions and feat we different crystalline phases. 

The purpose of the present invention is to allow the use of metal chlorides in the laser pyrolysis process to produce 
nanometric powders of a quality at least equal to powders obtained by mear^ at laser pyroiy^s of alcoocides. 
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The invention lies in the fact that oxygen precureore thai origrnate a controlled lasa- pyrolysis of metal cWondes, 
with 100% efficiency, also in presence of a combustible sensitizer, fiave been found arxJ experimented. 

Since the metal akwxides are chemically synff^ized f nam the reaction of the corresponding chlorides vwth alcohol, 
vapours of m^al chlorides and vapours d an alcohol (for example ^hyl, methyl.1sopfiOpyl)*are pre-mixed and cani^ 
5 into the reaction chamber. Hence a new oodde pov^^ders synthesis mechanism realized characterized in Ihal, during 
the brief tran&l times under the action of ihe laser beam (variable between a few nmffiseconds and a few tens of ntilD- 
seconds), some alcoddes are formed and subsecpjently undergo a pyroiysis process. 

This new mechanism can be applied both to the synthesis of simple oxides and to that of mixed coddes of twro or 
more metals or to conrposites of various oxides, simultaneously earring the vapoure of the con'espOTKRrig chlorides, 
10 whether they are in the liquid form or In solid form at ordinary conditions. 

The basic advantage of the invention of an economic hind, mainly arisiing from the possilMlrty of using metal chlo- 
rides as precuTSCvs forlheaynthests of high quality nanometric powders, the comm^ciaf cost of metal chlorides being 
at least 10 times less than that of con*esponding alcoxfdes. 

ArKTther advantage is linked to the higher vapoir pressures of the chlorides compared with the aJcoxides which 
15 allows the reduction of the energy consunption required to obtain their vaporization. 

Nk>reover, the possMlty of increasing the f low^ rale of the sensitizer, without any direct combustion protJiems. allows 
to achieve maximum absorption d the laser radiation exploiting aU the energy and hence further reducing frie produc- 
tion costs. 

The at^atement of pfX>duction costs determined t^y all these factors ntakes the laser pyrolysis pnx:ess more com- 
20 petitive conr)pared with conventional vapour phase processes, drastically increasing the Qualityyiprice ratio of the prod- 
uct 

In ^ilion, the high thermal stability of the chlorides allows their massK/e vaporization through th« direct healing of 
the liquid streams (0-5-10 Wi) at tenpcratures Wgher than boifing point (1 OO-SOO'C) and this allows to scale up the proc- 
ess to productivity levels far higher than those of alcoxides exploiting the energy of a high power laser (1 -15 kW). Alcox- 
2tf ides instead feature decompoation temperatures ctose to lx)iling temperatures and therefore the transport of vapours 
into the reaction chamber must be perfbmied by bubbOng a cam'er gas al a temperature far lower than boiling point so 
as to awsid the fbrmation of sofd polymer compounds resulting fn^m the thermal deconposition of the alcoxides: this 
limits the yield of the chemical reaction ana allows the transport of small quantities off vapours. 

With tf>e purpose of illustrating tt>e invention some exannples coricernlng the production process and the character- 
30 istics of the produced powders are reported below. 

Example N** 1 

To produce TiOg powders from TiCU arxi rsopropyl alcohol: 

3S vapours of TICI4 are carried by a flow of Argon (30O seem) that txibbi es in a thermo-stal bottle in which the tem- 

perature of the fiquid is kept at SCO: at the same time a f kw of Argon (200 seem) carries vapours of isopropyl alcohol 
from another thOTK^stat bottle in which the temperature ot the Rquid is kept at 70*C. The mixture off vapours of the two 
co-reagents is therefore added to a stream of t^H^ (1500 scorn) and Argon (700 seem) and Irijected. through a rectan- 
gular nozzle (3mm x lOmm), into a reaction ctiamber where the pressure is Kept at a constant value of Soo mbar The 

40 inracfiation of the gaseous stream by a continuous emission COg laser beam (400 watt, section dameler 8 mm.) gives 
place, during a transit time of the reagents under the las er beam of 5.3 msec,» to a pyrolysis reaction with an absorption 
of the laser beam equal to 100 watts, efficiency of 100% and producCvrty 21 g/h of T1O2 powders. The powders calci- 
nated in air at 40Q**C far three hours are exclusively constituted by the anatase crystafline phase, have a spedHc surface 
area of 122 m^/g and an average dimension of the particles less than 120 A. 

45 

Example N* 2 

To produce powders of mixed oxides from a mixture of TiCt^* VOCI3 and isopropyl atcohol: 
vapours of a mixture of TiCi4 and VOO3 are carried by a flew of Argon (1 OO seem) tf^ biiables in a thermo-stat 

so bottle in which the temperature of a liquid mixture constituted by 99% Tja4 and 1% of VOCI3 is kept at 80*C. TTie com- 
plete misdbitity and the very ctose vapour pressures of the two liquids erasures that the chemical composition of the 
vapour phase is the same as that of the liquid phase. At the same t'me a flow of Argon (700 socm) carries vapours of 
isopropyl alcohol from another tfTenrio-stat bottle in which the terrperature of the nqtdd is kept at 70*C- The mlxturg of 
co-r©agent$ is then added to a stream of C2H4 (1000 seem) and Injected, through a rectangular nozzle (3mm x 10mm), 

55 into a reaction charntjer where the pressure is kept at a constant value of 500 rri>ar. The inradiation of the gaseous 
stream by a continuous emission CO2 ^aser beam (400 watt section dianrveter 8 mm.), gives place, during a trar^it time 
of the reagents under the laser beam of 5.3 msec, to a pyrolysfe reaction with an absorption of the laser beam equal 
to 90 watts, efficiency of 100% and produdiwty 35 g/h of mixed Ti^i,x)V»Oz oxide powders, with x=0.01. The powders 
calcinated in air at 400^0 for three hours are excii^ely constituted by the anatase crystalline phase, have a specific 



3 
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surface area of 100 m^/g and an average dimension of the particles less than 140 A. The use (X mixtures of TIQ^ and 
more than 10% VOOa leads to the formation of povwJers dt TOg and V2O5 and not to sutetitutional mixed oxides, due 
to the limfts in the safidsoliMity of Vanadium in , _ 

5 Exanple N° 3 

To produce TO2 povvders from Tia4 and isoprcpyl alcohol fay means of tfirecl streams ii 

a h^h productivity plant equipped wflh a 2000 watt CO^ laser, defined as high power in relation to the field of appllca- 
tton: 

10 A 275 CG/hour flow of TICK is massively evaporated by feeding It through a coil kept at the temperature of 160'C; 
at the same time a lOOO cc/bour flow of isopropyl alcohol fs evaporated by feeding it in another coil kept at a tempera- 
ture of lOO'C. The mixture of the two co-reagents vapoury is hence added to a stream of C2H4 (4000 seem) and Argon 
(9000 seem) and injected, through a circular nozzle (d = 2 mm). Into a reaction chamber where the pressure Is kept at 
the cor^ant value of 500 mbar. The irracfiation of *ie gaseous stream by the continuous entission C02 laser beam 

15 (2000 watts, with a rectangUar section of 2 x 3 cms.), gives ptace» during a transit ^ me of the reagents ur^ier the teser 
beam of 37 msea, to a pyrdysis reaction with an Absorption of the laser power equal to 500 watts, reactiDn eff idency 
of 100% and produclrvily 200 g/h of mixed T1O2 powders. The powders calcinated in air at 400''C fbr three hours are 
exclusively constituted by the anatase crystalline phase as shown by the electronic diffracton rings in Rg. 1/A, and have 
a specific BET surface area of 1 28 n^/g. Moreover the TEM image shown in Rg. 1 /B has highlighted good size uniform- 

20 Hy wi«i partide dimensions less them 120 A. 

Reference example 1 

To produce TlOa from TiC^ and Og: 

25 T1CI4 vapours are carried by af low of Argon (150 seem) that bubbles 'm a thermf>«tat bottle in which the tempera- 
ture of the liquid is maintained at 1 00*C: the vapours are then added to a stream of C^H^ (300 seem) and Og (90 seem) 
arxl injected, through a rectangular nozzle (3mm x 1 0mm). into a reaction chamber where the pressure is kept at a con- 
stant value of 500 rrtbar. The iriBdiation of the gaseouS stream 1:^ the continuous emission CCf2 laser beam (400 watts, 
section diameter 8 mm.), gives place, during a transit time of the reagents urKler the laser beam of 26 msec, to a pyrd- 

30 ysis reaction characterized by a discontinuous flame at high temperature (1250*C), with an alisorption of the laser 
beaw equal to 23 watts, a low reaction efficiency and productivity 12 g/h of Ti02 powders. TTie powders calcinated in 
air at AOO^C for three hours are characterized by a specific surtace area equal to 45 m^/g. Tlie analysis of the electronic 
diffraction image shown in Rg. 2/A. higWights that the powders are constituted by a mixture of 50% of the two crystalline 
phases, anatase and rutile. while the TEM image shown in Fig. 2/B highfighis the sharp vwrsening of the morphological 

35 characteristics of the powders when compared to those produced in Example 2 (Rg. 1). In fact these exhibit poor size 
uniformity and partde dimensions greater than 450 A. All the attempts made in order to increase hourly productivity (by 
increasing the flovi rate of Argon for the transport of vapours and the temperature of the liq uids) and/a the specif ic sur- 
face area (by reducing the transit times) have originated powders with worse moiphological characteristics and with low 
reaction yields. 

40 

RefererK:e exanple N" 2 

To produce T1O2 powders from titanium isopropoxide: 

V&pour^i of Ti isopropoxide are carri ed by a flow of Argon (2000 socm) bubWng in a thenno-stal botfle in which the 
45 temperalure of the liquid is kept at no^C: the vapours are then added to a stream of C2H, (700 seem) and injected, 
through a rectangular nozzle (9 mm x 10 mm), into a reaction ct^mber where the pressure is kept a! a constant value 
of 500 rrttar. The inadiation of the gaseous stream by a continuous emisaon COg laser beam (400 watt section diam- 
eter 8 mm.), gives place, during a transit time of the reagents under the laser beam of 5.3 msec., to a pynolysis reaction 
with an absorption of the laser beam equal to 80 watts, efficiency of 1 00% and producUvity 24 gJt\ of mixed TIO2 pow- 
50 ders. The powders calcinated in air at 400*^ fbr three hours are characterized by a specffic surface area ec^ to 105 
m^/g and partide dimensions a little larger than 140 A. 

The most important process parameters and the characteristics of the powders, related to the examples reported 
are compared in the table below. 

55 



Received from < 612 349 9266 > at 1 1/8(02 3:26:28 PM [Eastern Standard Time] 



11/08/2002 14:30 FAX 612 349 9206 



PATTERSON THUENTE SKAAR 
EP077e862A1 



@028 



TABLE 



5 


PRECURSORS 


Iff (msec) 


QfeAi) 


Po(W) 


Pass(W) 


S(m2/g) 


Crystallirte 
structure 




1-T>CUji-A.L 


5.3 


21 


400 


100 


122 


a 




2-Tta4+VOCl3 


5.3 


35 


400 


90 


110 


a 


70 


3-Tiai+A.L 


37 


200 


2000 


500 


128 


a 


rif.1 TiCl4*02 


26 


12 


400 


23 


45 


a + r 




Ti(0CH(CH3)2)4 


5-3 


24 


400 


80 


105 


a 


75 
20 


- a reagents' transit time under thd laser beam 
'Q- houHy productivTty 

- Po = pcwer of the incident laser beam 

- = teser pow^ absorbed by the stream of reagents 

- S =^ specific surface area of powders 

- a = anatase crystaJTine structure 

- r 5= rutile crystalfine structure 
- 1. A. =• isopropyl alcohol 

- Ti(OCH(CH3j2)4 = titanium teopropoxide 



2S 



Claims 

^ 1 , A process for pnyjudng nanometric powders of metal oxides from mataJ chlondes by means of a continuous erm&- 
sion CO2 laser with adequate power as a source of energy for the pyrolysis reaction of the chemical precursors 
characterized in that vapours of metal chlorides are mixed with vapours of an alcohol and carried into a reaction 
chamber under Ihe action of the laser beam so as to form the corresponding alcoxkfes that subsequently urder^o 
a pyrolysis process arxi that the particles of produced powders are well crystallized and wrth dameters ranging 

3S between 5 and 20 nm. 

2- A process according to claim 1 characterized in that a single solid or Squid metal chloride is vaporized and the pro- 
duced powders are particles of a shrp\e oxide. 

40 3. A process according to claim 1 characterized kx ttiat different liquid or solid metal chlorides are vaporized and nvxed 
and that the produced powders are particles of mixed oxides the conposHion of which is determined by the molar 
ratk) of the above said vapours of sakl mb^res within the GOlut»lrty range of the metals in said oxides. 

4. A process according to claim 1 characterized En that cEfferenl ItquFd or solid metal chlorides are vaporized and mixed 
45 and that the produced powdery are con^posrtes constituted by partides of various metal oxides, when the propor- 
tion of the componerts of the vapour mixture exceecte the ^lubilHy limits of the involved metals in said oxides. 

5. A process according to the previous daims characterized in that the vapoirs of liquid or soTd metal chlorides and 
of the co^reagent alcohols are vaporized directly from the liquid or solid phases, are mixed to high flow rates of a 

so sensitizer and irradiated by Ngh power CO2 laser to produce high quantities of powders with a 100% gffidency. 



55 
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